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Description 
[CHIP STRUCTURE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92115490, filed on June 9, 2003. 
Background of Invention 

[° 002 ] Field of Invention 

[0003] The present invention relates to a chip structure. More 
particularly, the present invention relates to a chip with 
structural reinforcement between a bump on an under- 
bump metallurgy layer and a redistribution layer. 

[0004] Description of Related Art 

[0005] | n the flip chip package technology, the chip is flipped 

over and then attached to a substrate or a printed circuit 
board (PCB). On the active surface of the chip, the bond- 
ing pads are arranged in area arrays, and an under- 
bump-metallurgy layer and a bump such as a solder 
bump are sequentially formed over each of the bonding 



pads. Then, the chip is flipped over and attached to the 
contacts on the surface of the substrate or a printed cir- 
cuit board (PCB) via the bumps. The flip chip bonding 
technology is suitable to be used to fabricate chip pack- 
ages with high pin counts. Due to the advantages of re- 
ducing package dimension and shortening signal trans- 
mission path in the package structure, the flip chip pack- 
age technology has been widely adopted in the package 
fabrication. 

[0006] As flip chip packages become popular, more and more 
products are packaged using the flip chip technique. 
However, changing the original chip design to fit the 
packaging mode is highly uneconomical. Hence, bonding 
pad redistribution technique has been developed to serve 
as a compromise to bridge the gap in this transition 
stage. Through a redistribution layer on the surface of a 
chip, the bonding pads close to the periphery region orig- 
inally for bonding with bonding wires are redistributed 
into an array that facilitates the attachment of bumps in 
preparation for forming a flip chip package. 

[0007] pig. 1 is schematic cross-sectional view of a conventional 
chip structure. As shown in Fig. 1, the chip structure 100 
mainly comprises a chip 110, a redistribution layer 120, a 



passivation layer 130 and at least a bump 150. The chip 
110 has an active surface 112, a passivation layer 114 and 
at least a bonding pad 116. The passivation layer 114 and 
the bonding pad 116 are disposed on the active surface 
112 of the chip 110. The passivation layer 114 exposes 
the bonding pad 116. The passivation layer 114 is fabri- 
cated using an inorganic compound including silicon ox- 
ide or silicon nitride, for example. The redistribution layer 
120 is electrically connected to the bonding pad 116. The 
passivation layer 130 is formed over the redistribution 
layer 120. The passivation layer 130 has at least an open- 
ing 132 with sidewalls perpendicular to the active surface 
112 of the chip 110 for exposing a portion of the redistri- 
bution layer 120. It should be noted that a conventional 
redistribution layer 120 is a composite stack film includ- 
ing four metallic layers such as titanium/cop- 
per/titanium/copper. Thus, the redistribution layer 120 is 
able to serve also as an under-bump-metallurgy layer. 
The bump 150 is directly connected to the redistribution 
layer 120 exposed by the opening 132. Since SnPb alloy 
has a better bonding properties, the bump is normally 
fabricated using SnPb alloy having a Sn/Pb weight ratio 
between 63:37 to 5:95. 



[0008] Because the bump 150 is connected to the redistribution 

layer 120 via the opening 132 in the passivation layer 

130, the probability of the flip chip cracking or peeling is 

high during a shearing test. In other words, the lifetime of 

the chip will be reduced. 
Summary of Invention 

[0009] Accordingly, the present invention provides a chip struc- 
ture capable of maintaining a strong bonding strength 
between a bump and the node of a redistribution layer for 
a prolonged period so that overall lifetime of the chip is 
increased. 

[0010] According to an embodiment of the present invention, the 
chip structure comprising a chip, a redistribution layer, a 
second passivation layer and at least a bump is provided. 
The chip has a first passivation layer and at least a bond- 
ing pad. The bonding pad is exposed by the first passiva- 
tion layer, and the first passivation layer has at least a re- 
cess. The redistribution layer is formed over the first pas- 
sivation layer and is electrically connected to the bonding 
pad. Furthermore, the redistribution layer extends from 
the bonding pad to the recess. The second passivation 
layer having an opening that exposes the redistribution 
layer above the recess is formed over the first passivation 



layer and the redistribution layer. The bump is electrically 
connected with the redistribution layer above the recess 
via the opening. 

[0011] According to the embodiment of this invention, an obtuse 
angle is formed between a sidewall of the recess and a 
bottom surface of the recess. Similarly, an obtuse angle is 
formed between a sidewall of the opening and a bottom 
surface of the opening. In addition, the chip structure of 
the invention further comprises at least an under- 
bump-metallurgy layer disposed between the exposed re- 
distribution layer and the bump. 

[0012] According to one preferred embodiment of this invention, 
the under-bump-metallurgy layer is a composite stack 
film including a first metallic layer, a second metallic layer 
and a third metallic layer, for example. The first metallic 
layer is formed over the exposed redistribution layer. The 
second metallic layer is formed over the first metallic 
layer. The third metallic layer is formed over the second 
metallic layer. The first metallic layer is fabricated using a 
material including, for example, aluminum, titanium, tita- 
nium-tungsten alloy, tantalum, tantalum nitride or 
chromium. The second metallic layer is fabricated using a 
material including, for example, nickel-vanadium alloy or 



copper-chromium alloy. The third metallic layer is fabri- 
cated using a metal such as copper or an alloy. The un- 
der-bump-metallurgy layer further comprises at least an 
electroplated layer over the third metallic layer. The elec- 
troplated layer is an electroplated copper layer, an elec- 
troplated or electroless plated nickel layer, an electroless 
plated gold layer or combination thereof. 
[0013] According to one preferred embodiment of this invention, 
the under-bump-metallurgy layer is a composite stack 
film including a first metallic layer and a second metallic 
layer. The first metallic layer is formed over the exposed 
redistribution layer. The second metallic layer is formed 
over the first metallic layer. The first metallic layer is fab- 
ricated using a material including, for example, aluminum, 
titanium, titanium-tungsten alloy, tantalum, tantalum ni- 
tride or chromium. The second metallic layer is fabricated 
using a metallic material such as copper or an alloy. The 
under-bump-metallurgy layer further comprises at least 
an eletroplated layer over the second metallic layer. The 
electroplated layer is, for example, an electroplated cop- 
per layer, an electroplated, an electroless plated nickel 
layer, an electroless plated gold layer or combination 
thereof. 



[0014] According to one preferred embodiment of this invention, 
the redistribution layer is a composite stack film including 
a first metallic layer, a second metallic layer and a third 
metallic layer. The first metallic layer is formed over the 
first passivation layer. The second metallic layer is formed 
over the first metallic layer. The third metallic layer is 
formed over the second metallic layer. The first metallic 
layer is fabricated using a material including, for example, 
aluminum, titanium, titanium-tungsten alloy, tantalum, 
tantalum nitride or chromium. The second metallic layer is 
fabricated using a material including, for example, nickel- 
vanadium alloy or copper-chromium alloy. The third 
metallic layer is fabricated using a metal such as copper 
or an alloy. 

[0015] According to one preferred embodiment of this invention, 
the redistribution layer is a composite stack film including 
a first metallic layer and a second metallic layer. The first 
metallic layer is formed over the first passivation layer. 
The second metallic layer is formed over the first metallic 
layer. The first metallic layer is fabricated using a material 
including, for example, aluminum, titanium, titanium- 
tungsten alloy, tantalum, tantalum nitride or chromium. 
The second metallic layer is fabricated using a metal such 



as copper or an alloy. 
Brief Description of Drawings 



[0016] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0017] pig. 1 is schematic cross-sectional view of a conventional 
chip structure. 

[0018] pig. 2 is a schematic cross-sectional view of a chip struc- 
ture according to one preferred embodiment of this in- 
vention. 

[0019] Fig. 3 is a cross-sectional diagram showing the redistri- 
bution layer in Fig. 2 matching with another under- 
bump-metallurgy layer. 

[0020] Fig. 4 is a cross-sectional diagram showing the redistri- 
bution layer in Fig. 2 matching with yet another under- 
bump-metallurgy layer. 

[0021] Fig. 5 is a cross-sectional diagram showing the redistri- 
bution layer in Fig. 2 matching with yet another under- 
bump-metallurgy layer. 

[0022] Fig. 6 is a schematic cross-sectional view of a chip struc- 



ture according to another preferred embodiment of this 
invention. 

[0023] pig. 7 is a cross-sectional diagram showing the redistri- 
bution layer in Fig. 6 matching with another under- 
bump-metallurgy layer. 

[0024] pig. 8 is a cross-sectional diagram showing the redistri- 
bution layer in Fig. 6 matching with yet another under- 
bump-metallurgy layer. 

[0025] Fig. 9 is a cross-sectional diagram showing the redistri- 
bution layer in Fig. 6 matching with yet another under- 

bump-metallurgy layer. 
Detailed Description 

[0026] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0027] Fig. 2 is a schematic cross-sectional view of a chip struc- 
ture according to an embodiment of the present inven- 
tion. As shown in Fig. 2, the chip structure 200 mainly 
comprises a chip 210, a redistribution layer 220, a passi- 
vation layer 230 and at least a bump 250. The chip 210 



has an active surface 212, a passivation layer 214 and at 
least a bonding pad 216. The passivation layer 214 and 
the bonding pad 216 are formed on the active surface 212 
of the chip 210. Furthermore, the bonding pad 216 is ex- 
posed by the passivation layer 214. It should be note that 
the passivation layer 214 has at least a recess 218. The 
recess 218 has a wide-top narrow-bottom cross-sectional 
profile similar to a trapezium. In other words, an obtuse 
angle 219 is formed between a sidewall of the recess 218 
and a bottom surface of the recess 218. 

[0028] | n this embodiment, the chip 210 is fabricated using a 
semiconductor material including silicon or germanium, 
for example. The passivation layer 214 is fabricated using 
a material including, for example, silicon oxide, silicon ni- 
tride or phosphosilicate glass (PSC). The passivation layer 
214 is a composite stack film including alternately stacked 
layers of the aforementioned inorganic compound. The 
bonding pad 216 is fabricated using a metallic material 
such as aluminum or copper. 

[0029] The redistribution layer 220 is formed over the passiva- 
tion layer 214 and is electrically connected to the bonding 
pad 216. Furthermore, the redistribution layer 220 ex- 
tends from the bonding pad 216 to the recess 218. A por- 



tion of the redistribution layer 220 is located over the 
passivation layer 214 above the recess 218. As shown in 
Fig. 3, the redistribution layer 220 is a composite stack 
film including three metallic layers 221, 223 and 225. The 
metallic layer 221 is formed over the passivation layer 
214. The metallic layer 223 is formed over the metallic 
layer 221 and the metallic layer 225 is formed over the 
metallic layer 223. It should be noted that the metallic 
layer 221 is fabricated using aluminum, titanium, tita- 
nium-tungsten alloy, tantalum, tantalum nitride or 
chromium, for example. The metallic layer 223 is fabri- 
cated using nickel-vanadium alloy or chromium-copper 
alloy, for example. The metallic layer 225 is fabricated us- 
ing a metallic material such as copper or an alloy. 

[0030] The passivation layer 230 having an opening 232 is 

formed over the passivation layer 214 and the redistribu- 
tion layer 220. A portion of the redistribution layer 220 
above the recess 218 is exposed by the opening 232. Fur- 
thermore, the opening 232 has atop-wide, bottom-nar- 
row cross-section similar to a trapezium. In other words, 
an obtuse angle 319 is formed between a sidewall of the 
opening 232 and a bottom surface of the opening 232. 

[0031] The bump 250 is disposed over the redistribution layer 



220 exposed by the opening 232 of the passivation layer 
230. The bump 250 is electrically connected to the redis- 
tribution layer 220 above the recess 218. The bump 250 
is fabricated using material such as Sn-Pb alloy with a Sn/ 
Pb weight ratio of 63% to 37% or a Sn/Pb ratio of 5% to 
95% or a composite bump with different Sn/Pb weight ra- 
tio. Through the profile and angle 219 of the recess 218, 
the bonding strength between the redistribution layer 220 
and the bump 250 is strengthened. 

[0032] Aside from connecting the bump 250 directly to the re- 
distribution layer 220 exposed by the opening 232, an 
additional under-bump-metallurgy layer 240 may be 
formed between the redistribution layer 220 and the 
bump 250 to increase their bonding strength even further. 
The following describes in more detail the structural rela- 
tionship and connection of the under-bump-metallurgy 
layer 240 with its neighboring layers. 

[0033] As shown in Fig. 2, an under-bump-metallurgy layer 240 
may optionally be disposed on a portion of the passivation 
layer 230 and the redistribution layer 220 exposed by the 
opening 232 of the passivation layer 230. In the chip 
structure, the under-bump-metallurgy layer 240 is 
preferably disposed between the redistribution layer 220 



and the bump 250. The under-bump-metallurgy layer 
240 is a composite stack film including three metallic lay- 
ers 242, 244 and 246, for example. The metallic layer 242 
is formed over the redistribution layer 220 exposed by the 
opening 232. The metallic layer 244 is formed over the 
metallic layer 242 and the metallic layer 246 is formed 
over the metallic layer 244. The metallic layer 242 serves 
to increase the bonding strength between the redistribu- 
tion layer 220 and the metallic layer 244. The metallic 
layer 244 serves to prevent possible migration of tin from 
the bump 250 and cause unwanted structure damage or 
signal transmission degradation. The metallic layer 246 
serves to increase the adhesive strength between the un- 
der-bump-metallurgy layer 240 and the bump 250 so 
that the bump 250 can easily adhere to the under- 
bump-metallurgy layer 240, for example. 
[0034] | n addition, an electroplated layer 248 is also formed over 
the metallic layer 246. The electroplated layer 248 is 
formed between the third metallic layer 246 and the bump 
250, for example. It should be noted that the metallic 
layer 222 is fabricated using aluminum, titanium, tita- 
nium-tungsten alloy, titanium nitride, tantalum, tantalum 
nitride or chromium, for example. The metallic layer 224 



is fabricated using nickel-vanadium alloy or chromium-cop- 
per alloy, for example. The metallic layer 226 is fabricated 
using a metallic material such as copper or an alloy. The 
electroplated layer 248 is an electroplated copper layer, 
an electroplated, an electroless nickel layer, an electroless 
plated gold layer or combination thereof. 

[0035] The aforementioned structure is constructed using a re- 
distribution layer with three metallic layers and an under- 
bump-metallurgy layer with four metallic layers. However, 
this invention also permits other combinations such as a 
three-layered redistribution layer with a two- layered un- 
der-bump-metallurgy layer (as shown in Fig. 3), a three- 
layered redistribution layer with a three-layered under- 
bump-metallurgy layer (as shown in Fig. 4), a three-lay- 
ered redistribution layer with a five- 1 aye red under- 
bump-metallurgy layer (as shown in Fig. 5). 

[0036] when the under-bump-metallurgy layer 240 is formed 

over the redistribution layer 220 exposed by the opening 
232 of the passivation layer 230, the bump 250 is con- 
nected to the redistribution layer 220 above the recess 
218 via the under-bump-metallurgy layer 240. Hence, the 
bump 250 on the under-bump-metallurgy layer 240 has a 
better structural strength. The higher structural strength 



prevents the bump 250 from cracking or peeling during 
the under-bump-metallurgy layer and leads to a longer 
lifetime for the chip structure. 

[0037] pig. 6 is a schematic cross-sectional view of a chip struc- 
ture according to another embodiment of this invention. 
As shown in Fig. 6, the redistribution layer 320 comprises 
two metallic layers 321 and 323. The metallic layer 321 is 
formed over the passivation layer 314 and the metallic 
layer 323 is formed over the metallic layer 321. It should 
be noted that the metallic layer is fabricated using alu- 
minum, titanium, titanium-tungsten alloy, titanium ni- 
tride, tantalum, tantalum nitride or chromium. The metal- 
lic layer 323 is fabricated using copper, for example. 

[0038] The under-bump-metallurgy layer 340 also comprises 

two metallic layers 342 and 344. The metallic layer 342 is 
formed over the redistribution layer 320 and the metallic 
layer 344 is formed over the metallic layer 342. It should 
be noted that the metallic layer 342 is fabricated using 
aluminum, titanium, titanium-tungsten alloy, titanium ni- 
tride, tantalum, tantalum nitride or chromium. The metal- 
lic layer 344 is fabricated using copper, for example. 

[0039] The aforementioned structure is constructed using a re- 
distribution layer with two metallic layers and an under- 



bump- metallurgy layer with two metallic layers. However, 
this invention also permits other combinations such as a 
two-layered redistribution layer with a three-layered un- 
der-bump-metallurgy layer (as shown in Fig. 7), a two- 
layered redistribution layer with a four- layered under- 
bump-metallurgy layer (as shown in Fig. 8), a two-layered 
redistribution layer with a five- layered under- 
bump-metallurgy layer (as shown in Fig. 9). 

[0040] | n summary, the chip structure according to this invention 
has at least the following advantages: 

[0041] i The recess in the passivation layer is able to strengthen 
the bond between the bump and the redistribution layer 
so that the bump has an enhanced structural strength. 

[0042] 2. This invention is also able to maintain a strong bond 
between the bump and the redistribution layer for a pro- 
longed period, thereby increasing the overall lifetime of 
the chip. 

[0043] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 



scope of the following claims and their equivalents. 



